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Pipgggs fbrthe praparatlon of l-nhan y tindan nhntninH ia^rQ 

The invention relates to a novel process for the preparation of 1-phenyIindan pholoinitiatora. 
especially of2-hyd^oxy-1^3-K^2-hyd^oxy.2-methyI-propionyIHJheny^-1.1>tri^let^^^^^^ 
5.yl}-2-nr»ethyl-propan-lH>ne and 2-hydrQxy-1-{1.I4-<2-hydiDxy-2-mBthyi-propionyl)-phenylJ- 
1 •3,3-trimethyMndan-5-yl}>2-methyl-prDpan-1-ona. 

US Patent 4 987 159 describes a process for the preparation of the above-mentioned 
mixture by Friedel-Crafls acylation of 1,1,3-trimethyl-3^,henynndan using isobutyric add 
chloride in methylene chloride. The corresponding bis-isopropyl ketone is fbrnied and is 
chlorinated using sulfuryl chloride. Subsequent hydrolysis with sodium methanolate and then 
with dDute hydrochloric add yields a mixture of 2-hydroxy.1-{3-[4-(2.hydroxy-2-methyi- 
propionyl)-phenyl]-1.1.3-trimethyl-indan^yl}.2-methyl-piopan-1-one and 2-hydroxy-H1-[4- 

(2-hydroxy-2-methyl-propionyl)-phenylJ-1.3,3-trimethyl-indan-5-yl)-2.melhyi-propan-1-one. 
The product is wax-lilce and tadcy and contains small amounts of oligomeric compounds, 
which inhibit successful oystallisafion. Purification of the ladQr product can be earned out by 
means of column chromatography. 

WO 02«)855832 describes the above-mentioned mixture of 2-hydiDxy-1-p.[4-(2.hydroxy-2- 
methy|.proplonyl>-phenyl]-1,1.3-trimethyl-lndan-5-yl}-2-methy|.propan-1-one and 2-hydroxy- 
H1-[4-(2-hydroxy.2.methyl-propionyl>phenyl^1,3,3-trimethyi-indan^yl}.2-methyl-propan-1- 
one as a constituent of a solid mixture of alpha-hydroxycartjonyl derivatives of alpha-methyl, 
styrene oligomeis. 

The object of the present invention was to provide a pulvenilent crystalline product largely 
devoid of oligomeric constituents. 



The object was achieved tv the process described hereinbelow. 
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Proc5ess for the preparation of a crystalline isomeric mixture of compounds of formulae I 
and II 




which process comprises the following steps: 

a) the slow addition of aluminium chloride, in portions, to a solution comprising 1 .1 .3-trf- 
methyI-3-phenyllndan and isobutyric acid hallde In a suitable solvent at a reaction 
temperature of from -20«C to 20^0. an Isomeric mixture consisting of compounds of 
formulae ia and Ila being obtained 




b) enol chlorinatlon of compounds la and Ila. an Isomeric mixture consisting of 
compounds of fonnutae lb and lib being obtained 




c) hydrolysis of the chlorinated isomeric mixture from step b). 
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The following reaction scheme gives an overview of the reaction steps. 




Important factors in reacUon step a) are the use of pure 1.1.3-trlmethyl-3-phenylindan having 
a low oligomer content, the choice of solvent, the slow metered addition of aluminium 
chloride and the maintenance of a temperature below aO'^C. Above 20*»C. the isobutyric add 
chloride slowly decomposes with the liberation of CO and yields additional isopropyl deriva- 
tives in the Friedel-Crafts reaction. 

Any solvents that are inert under the given reaction conditions are possible, for example 
ethylene chloride, trichloroelhylene, methylene chloride, tetrachloroethane, chlorobenzene. 
bromobenzsne, dichlorobenzene, cydohexane, methylcydohexane, cartwn disulfide, nitro- 
methane. nilroethane. nitropropane and nitrobenzene. Chlorobenzene or 1,2-dichloro- 
benzene is preferred. 

A solvent that is especially preferred Is 1,2-dlchlorobenzene. Although methylene chloride is 
possible in this reaction, ft is less suitable because it partidpates In the reacUon to a small 
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extent. leading to the formation of ol^meric compounds which inteifere with the oystaDtea- 
tion process. 

THe metered addition of aluminium chloride must be carried out slowly, for example over a 
period of from 2 to 3 hours. It is important to avoid a local overdosing of aluminium chloride, 
because a high aluminium chloride concentration causes the starting material 1.1.3-trimethil- 
3-phenyllndan to isomerise. which likewise leads to the formation of oligomeric compounds. 

Aluminium chloride can be added In solid form or in solution in isobu^c acid chloride and 
chlorobenzene or 1.2-dichtorobenzene as diluent 

The sequence of the addition of the reagents is importantfor the success of the reaction. The 
best product qualities are obtained when 1.1.3-trimethyl-3-phenylindan and isobulyric add 
halide are first brought together and aluminium chloride is slowly metered in. The prior 
addition of the acid chloride buffers the acOon of the aluminium chloride and accordingly 
suppresses oligomer formation. In a variant, the aluminium chloride can be dissolved in the 
liquid acid halide and then added dropwise to the aromatic compound. 

In the isomeric mixture of compounds of fomiulae la and lla. the compound of formula la is 
the main component wKh a content of about 60 %. 

The reacUon temperature in step a) is Irom .20'C to 20»C. preferably from O'C to lOX, 
espedalty ftom 0*C to 5'C. 

From 1.8 to 2.8 equivalents, preferably from 2.0 to 2.6 equivalents, especially from 2.2 to 
2.4 equivalente. of Isobutyric acid chloride, based on 1.1.3-trimethyl-3-phenylindan. are used. 

The ketone of step (a) is obtained in the form of an isomeric mixtora and can be chlorinated 
in step (b) directly without being isolated. ChlorinaUng agents are sulfuryl chloride or dilorine 
gas. The chlorinaHon is preferably carried out by the introduction of chlorine gas at a 
temperature of from 20 to 90«C. preferably from 50 to 60»C. 

Subsequent hydrolysis with aqueous aikali metal hydroxide (step c) yields a mixture of 
2-hydroxy-1H3.[4-(2-hydroxy-2-melhyl-proplonyl)-phenylH.1.3-trimelhylHndan-S-yl}-2- 
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methyl-proparvl-one and 2-hydroxy.HH4-<2-hydroxy.2-methyl-pro 
trimethyWndan^yI}.2-methyI-propan-1-one dissolved In the organic phase. In order to carry 
out the hydrolysis more rapidly It Is advantageous to use a mixture of methanol and water 
and subsequently addrly the reaction sofutton. The hydrolysis product is crystallised from a 
suitable soh^ent, for example toluene. The concentrated filtrates (mother liquors) also exhibit 
activity. 

When chlorination and cooling of the reaction solution are complete (step b). the reaction 
solution begins to crystallise. Separation of the isomers can be can-ied out by recrystallisa- 
tlon, for example from cydohexane. 

There is obtained isomerically pure 2-chloro-1-{3-[4-(2-chIoro-2-methyl-proplonyl)-phenyl]- 
1.1,3-trimethyHndan-5-yI}-2-methyl-propan-1-cne (formula lb), which can be hydrolysed 
separately. After the hydrolysis, the crystalline compound of formula I is obtained. 

The crystalline compound of formula II is prepared from the mother liquor by hydrolysis. 

The invention accordingly relates also to a process for the preparation of a crystalline 
compound of formula i 




which process comprises the following steps: 

a) the slow addition of aluminium chloride, In portions, to a solution comprising 1,1,3- 
trimethyl-3-phenyIindan and Isobutyric acid halide in a suitable solvent at a reaction 
temperature of from -20«C to 20*»C, an Isomeric mixture consisting of compounds of 
formulae (a and ila being obtained 
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b) end chlorination of compounds la and Ila. an isomeric mixture consisting of 
compounds of fonmulae lb and lib being obtained 




c) separation of the compound of fbmiula lb by recrysiallisation 

d) hydrolysis of compound lb. 

The invention relates also to a process for the preparation of a crystalline compound of 
formula II 




which process comprises the following steps: 

a) the slow addition of aluminium chloride, in portions, to a solution comprising 1.1,3- 
trimethyl-3-phenylindan and isobutyric acid halide In a suitable solvent at a reaction 
temperature of from -20»C to 20«»C. an isomeric mixture consisting of compounds of 
formulae la and Ila being obtained 
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b) enol chlorination of compounds la and lla, an isomeric mixture consisfing of 
compounds of fomdulae lb and lib being obtained 




c) separation of the compound of fomiula lb by recrystalltsation 

d) hydrolysis of compound lib. 

The crystalline Isomeric mature of (compounds of fomiulae I and II) and the crystalline 
Isomerically pure compounds are suitable as photoinitiators. Preferred applications are in 
pigmented and non-pigmented surface coaUngs. overprint coatings, powder coatings, 
printing inks, gel coats, composite materials or glass fibre coatings. 
Application in non-pigmented coatings is much more Important than in pigmented coatings, 
because the product is subject to only a small amount of yellowing. 

The following Examples illustrate the novel preparaUon process in detail. 
Example 1 

1 .1) Friedel-Crafts reaction AddiUon of AICI3 in solid form 

153,6 g (0.65 mol) of 1.1.3-trimethyl-3-phenylindan (from Schenectady Prattein Switzeriand), 
159.3 g (1.495 mol) of Isobutyric add chloride and 195 g of 1,2-dIchIoroben2ene are placed 
in a 760 ml reaction flask and cooled to by means of an ice bath. In the course of 
about two to three hours. 208.0 g (1.56 mol) of aluminium chloride are then added in small 
portions at an internal temperature of 5-0'»C. HCI gas is evolved. Stirring is then carried out 
for about 16 hours at an internal temperature of 0-5»C. At the end of that period, all the 
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alumlnium cMoiide has dissolved. The reddish reacHon inixtura is then poured onto ice and 
water and sUrred to complete the reaction. The two phases are separated in a separating 
funnel. The organic phase is washed with water and then concentrated fora short time in a 
vacuum rotary evaporator at about 60»C and about 25 mbar. There are obteined 413 g of 
yellowish on. an Isomeric mixture having 1-[3^-lsobuty.yH,henyl).1.1.3^rlm8thyl*da^S.yO. 
2-methyl-propan-l-one as the main componentand 1-[1-(4-lsobutyiyl-phenylH.3.3-trimethyl- 
indan-S-yO-2-methyl-propan-l-one as the subsidiary component, dissolved in 1.2-dichIoro- 
benzene. Excluding the solvent l^amichlorobenzene. about 60 % of the main componentand 
about 40 % of the subsidiary component are found in the QC and 'H-NiVlR spectrum. The 
Isomeric mixture is used in the next reaction without being purified further. 

1.2)Enolchlor<natlon 

413 g (0.65 mol tq) of the soluUon of the isomeric mixture liom the Friedel-CraRs reaction 
having H3-(4-lsobutyryi-phenyl)-1.l.3-trimethy|.indan^ytl-2-methyl-propan-1-one asthe 
main componentand 1-I1-(4-isobutyryl-phenyi)-1.3.3-trimethyl-indan-5-yl]-2-methyH,ropan- 
1-one as the subsidiary component are placed in a 750 ml reaction flask and heated to 
55^0»C by means of an oH bath. Then, at 55^0°C, with thorough sHrring. 92.2 g (1.30 mol) 
of chlorine gas are introduced through a glass frit, relatively quickly at the start and just 
slowly at the end. HCI gas Is evolved. The duration of the introducOon is about five to six 
hours. The reaction is monitored by means ofthe ^H-NMR spectrum. Cooling is then carried 
out and the reaction solution begins to aystellise. The slightly yellowish suspenston is cooled 
to about 5»C and fiftered. The crystals are washed with 154 g of mixed hexanes and dried in 
vacuo. 160 g of White crystals are obtained. An 80 g sampte is recrystelllsed with three times 
the amount of cydohexane. 66.3 g of white crystals are obteined. According to the 'H-NIMR 
spectrum they are isomerically pure 2-chlora-1^3-[4-(2-chIoro-2-methyl-propionyI^phenyl]- 
1.1.3.trimethyl-indan-5-ylh2-methyl-propan-1one and they melt at 142.5.143.5»c. 

Elemental analysis: (455.43) 





%C 




%H 




%a 


calculated: 


70.11 


calculated: 


6.79 


calculated: 


15.92 


found: 


70^5 


found: 


6.86 


found: 


16.00 



The mother liquor, 317 g of yellowish soluUon with mixed hexanes and 1.2.dichloroben2ene 
IS ooncentreted and distflled. 179 g tq of yellowish solution remain. AccoKling to the 'H-NIWR 
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spectium the subsidianr component 2-chloro-1-{1-l4^2<WoiD-2-niethyl-ptoptonyl)-phenyl]- 
1,3,3-trimethyl-indan-5.yl}-2-methyl-propan-1-one is enriched therein (aljoutSI %to 19 %). 
The 1 79 g of solution are used in the next reaction without being purified ftirther. 

1 .3) Hydrolysis of the subsidiary component 2H:hloio-HH4-(2^oro^HT»thyH)ropio^^ 
phenyI>1,3.3.trimethyl^ndan-5-yf}-2-methyl-propan-1-one from the chlorinaUon 
93.3 g (0.70 mol) of 30 % concentrated NaOH and 93 ml of deionised water and 92 g of 
methanol are combined in a 750 ml reaction Haslc There are then added dropwise at 50»C in 
the course of about 30 minutes, with thorough stirring, 179 g (0.2908 mol tq) of a solution, in 
1 ,2-dichlorobenzene, of the subsidiary component 2-chloro-1 -{1 -I4-(2-chloro-2-methyl- 
propionyiH)henyln.3.34rimethyl-indan^-yI}-2-methyl-propan-1-one from the preceding 
chlorinatlon reaction, additionally diluted with 46 g of methanol. The internal temperature 
slowly rises to 55^»C. The orange alicaDne mixture (about pH 12) is then stined for about 
three to four hours at SS^Q'C. The conversion is checiied with a GC sample and a ^H-ISJMR 
sample. The mixture is then cooled to 45''C and adjusted dropwise to a pH of about 1 -2 with 
about 37 g of 16 % hydrochloric add. Tlie colour of the emulsion changes from yellow to pale 
yellow. The mixture is then stirred for about one hourat60"C. When the hydrolysis is 
complete, the reacOon mixture is neutralised with a small amount of dilute sodium hydroxide 
solution. The two phases are separated at about 25»C in a separating funnel. The organic 
phase is concentrated in a rotary evaporator. There are obtained 179.4 g of oil, which is 
subjected to steam distniation in order to remove the 1 ,2-dichlorobenzene. At the end of the 
distiliallon, 1 14.2 g of yellow viscous oil are obtained. This corresponds to a tq yield of 96 % 
of theory (408.54) over all three reaction steps. A 30 g sample is stined with 30 g of diethyl 
ether and seeded. The crystals are filtered off, washed and dried. There are obtained 10 g of 
white crystals, which melt at 124.0-125.5»C. In the 'H-NMR spectnim. the isomerically pure 
subsidiary component 2-hydroxy-1-{1-[4-(2-hydroxy-2-methyl-proplonyl)^jhenylJ.1,3.3- 
trimethyl-lndan-5-yl}-2-methyl-propan-1-one Is found. 
Etemental analysis: (408.54) 





%C 




%H 


calculated: 


76.44 


calculated: 


7.90 


found: 


76.31 


found: 


7.92 



A sample of those crystals is again crystaUised from toluene, and the white ciysteis then meH 
at 125.5-127.8°C. 
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ElementaJ analysis: (408.54). 





%C 




%H 


calculated: 


76.44 


calculated: 


7.90 


found: 


76.59 


found: 


7.84 



1.4) Hydrolysis of the main component 2-chloro-1^3-I4^2Kdiloro-2-methyl-propionyl)- 
phenylH.1.3^rimelhyl-in(^an-5-yl^2-methyl-pIopan-1-one from the chlorinaUon 
47.4 g (0.356 mol) of 30 % concentrated NaOH and 47 ml of delonised water and 47 g of 
methanol are combined in a 500 ml reaction flask. There are then added diopwise at SO^C in 
the course Of about 30 minutes, with thorough stining, 66.0 g (0.1482 mol) of reorystallised 
main component 2-chIoro-1-P-{4-(2-«hloro-2-methyl-propionyl)-phenyl]-1.l.3^rimethyl-indan- 
5-yl>2-methyl-propan-1-one from the preceding chlorination reaction, dissolved In 190 g of 
toluene and 23 g of methanol in the warn* state. The internal temperature slowly rises to 
54«C. The alkaline emulsion (about pH 12) is then stined at SS^O'C. The conversion is 
checked wHh a GC sample and a ^H-NMR sample. 60 g of methanol are then additnnaily 
added in two portfons. in order to accelerate the reactton. The duratton of the hydrolysis is 
about five to six hours. The mixture is then cooled to Z5'C and adjusted dropwise to a pH of 
about 1-2 with about 15 g of 16 % hydrochloric acid. The colour of the emulsion lightens to 
pale yeltow. The mixture is then sfarred for about one hour at 60»C. When the hydrolysis is 
complete, the reaction mixture is neutralised with a smaU amount of dHute sodkim hydroxide 
soluUon. The two phases are separated at about 25»C in a separating funnel. The organte 
phase is concentrated In a rotary evaporator. It crystellises spontaneously. The oysteis are 
dried without being purified further. There are obtained 60.2 g of white aystels. which melt at 
1 16.5-1 IS.S-C. This corresponds to a tq yield of 99 % of theory (408.54) over the last 
reaction step and a tq yield of 82 % of theory (408.54) over all three reaction steps. In the 
'H-NMR spectnim, the Isomerically pure main component 2-hydroxy.1-^-l4-(2-hydroxy-2- 
methyl-proptonyl)-phenyl]-1.1.3-trimethyl-^ndan-5-yO-2-methyl^Jropan-1-one is found. 

Example 2 

2.1) Friedel-Crafls reactton A portion of the AICI3 is added dropwise in dissolved form 
90 g (0.845 mol) of isobutyric add chloride and 70 g of 1,2^ichlorobenzene are placed In a 
500 ml reaction flask and cooted to 5-0»C by means of an ice bath. In the couree of about 
20 minutes. 66.7 g (0.50 mol) of aluminium chloride are then added in small portions at an 
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Internal temperature of 5^*0. The dissolution process is slightly exothemilc. The yellowish 
solution is Icept at an internal temperature of 5^0. 

100.0 g (0.423 mol) of 1.1.34rimethyl-3-phenylindan (from Schenectady Prattein 
Switzerland), 13.7 g (0.128 mol) oflsobutyric acid chloride and lOOg of 1,2-dichloroben2ene 
are placed in a 750 ml reaction flask and cooled to 5^«C by means of an ice bath. The 
aluminium chloride solution is then added dropwise in the course of 90 minutes at an internal 
temperature of 5-0«C. TTie solution becomes yellow and HQ gas is evolved. About 1 % 
starting material is then found in the GC in addition to the mono compound. A further 68.7 g 
(0.515 mol) of aluminium chloride are then added In small portions In the course of one hour 
at an internal temperature of S^^C. HQ gas is furtiier evolved. The suspension is tiien 
stined for about 20 hours at an Internal temperature of 0-5*»C. The reaction conversion is 
monitored by means of GC. At the end of that period, all the aluminium cNoride has 
dissolved. The red reaction mixture is then poured onto ice and water and stirred to complete 
the reaction. The two phases are separated in a separating funnel. The organic phase is 
washed with water and then concentrated for a short time in a vacuum rotary evaporator at 
about 60»C and about 25 mbar. There are obtained 357.8 g of a roddlsh liquid, an isomeric 
mixture having 1.[3^4.isobutyryl-phenyl)-1.1.3.trimethyl-indan-5.yO-2.mem^ 
as tiie main component and 1-[1-(4.isobutyryI-phenyl).1.3.3-trimethy|.indan-5-y(].2-me^^^ 
propan-l^ne as the subsidiary component, dissolved in 1,2-dichlorobenzene. Excluding the 
solvent 1,2^lchlorobenzene, about 60 % of the main component and about 40 % of tiie 
subsidiary component are found In the GC and ^H-NIWR spectrum. The Isomeric mixture is 
used in the next reaction without being purified further. 

2.2) End chlorination 

322.0 g (0.3807 mol tq) of tfie solution of the isomeric mixture from the Friedel-Crafts 
reaction having 143.(4-)sobutyryl-phenyl)-1,1.3-trimettiyl-indan-5-ya-2.me 
as the main component and H1-{4-isobutyryl-phenyI)-1,3,3.trimethyI-lndan-5-ylJ-2-metiiyl- 
propan-l-one as tiie subsidiary component are placed in a 750 ml reaction flask and heated 
to SSSQ^C by means of an oil bath. Then, at 55-60«>C. with tfiorough stirring. 56.0 g 
(0.79 mol) of chlorine gas are introduced ttirough a glass frit, relatively quickly at the start 
and just slowly at Uie end. HCI gas is evoh^ed. The duration of the introduction is about sbc to 
seven hours. The reaction is monitored by means of the 'H-NIV1R spectaim. Cooling is Unen 
carried out and the reaction solution begins to crystallise. The white suspension is cooled to 
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about 5»C and filtered. The crystals are washed with 1 10 g of mixed hexanes and. whDa still 
moist (about 81 g), are recrystallised from 260 g of cydohexane. filtered, washed and dried. 
68.7 g of white ccystals are obtained. This conesponds to a partial yield of 40.5 % of theory 
(445.43) over two reaction steps. According to the 'H-NMR spectnim they are isomerically 

pure2<Moro.1..p-[4^K*loro-2•^nethyl-proplonyl)^)henyl^1.1.3-trimethy^indan-5-y^^^^ 
methyl-propan-1-one and they melt at 142.5-143.7»c. 

The mother liquors are collected and concentrated in vacuo. Water is added to Oie residue. 
277.5 g of yellowish oH. and 1,2Hlichlofobenzene is removed by steam distillation. The 
viscous yellowish residue Is dissolved at about 60»C In 125 g of mixed hexanes. cooled and 
seeded. The crystals are filtered off. washed with mixed hexanes and dried. TTiere are 
obtained 22.7 g of pale beige crystals, which melt at 110-1 19°C. According to the 'H-NMR 
spectnim they are no longer isomerically pure. The mother liquor is concentrated and yields 
83.5 g tq of yellow oil. According to the ^H-NIVIR spectnim the subsidiary component 2- 

chloro-1-{1-{4-(2-chloro-2-methyl-propIonyl).phenyl]-1.3,3-trimethy|.indan-5-yl}-2-methyl- 
propan-lK)ne is enriched therein (about 83 % to 17 %). The 83.5 g of yellow oil are used in 
the next reaction without being purified further. 

The 22.7 g of crystals are recrystallised from 88 g of cydohexane. filtered and dried. There 
are obtained 9.0 g of white crystals, which melt at Isa-MCC. According to the *H-NMR 
spectrum they are a mbcture of 91 % of the main component 2-chIoro-1-p^4-(2-chlorD-2- 
methyl-proplonyl)-phenylM .1 .3-Wmethy|.lndan*yl}.2wnethyl-piopan-lK)ne and 9 % of the 
subsidiary component 2-chloro-1-{1-[4-(2-chloro-2-methyl-proplonyl)-phenyl]-1.3.3^ethyl- 
indan-5-yl}-2-methyl-propan-1-one. In the concentrated mother liquor, 12.0 g of a yellow 
viscous on, the subsidiary component 2-chloro-1-{1.[4-(2-chloro.2.methyl-propionyl)-phenyi> 
1.3,3-trimethyl-indan-5-yl}-2-methyl-propan-1-one is enriched (about 67 % to 33 %). 

2.3) Hydrolysis of the subsidiary component 2-chloro-H1-(4-(2-chloro-2-methyl-propionyl). 
phenyl]-1,3,34rimethyl-indan^yl}-2-inethyl-propan-1-one from the chlorinatlon 
56.0 g (0.42 mol) of 30 % concentrated NaOH and 56 ml of deionised vi^ter and 55 g of 
methanol are combined in a 750 ml reaction flask. There are then added dropwise at 55»C in 
the course of about 30 minutes, with thorough stining, 83.0 g (0.1745 mol tq) of oD of the 

subsidiary component 2-chloro-H1.I4K2KWo,D.2.methyl-propionyl).phenyl]-1.3.3-trimethyl- 
lndan-5-yl}.2-methyl-propan-1-one firom the preceding chlorinatlon reacUon. additionally 
diluted with 200 g of toluene and with 29 g of methanol. The internal temperature remains at 
55.60'C. The yellowish-orange alkaline emulsion (about pH 1 1 ) is then stin-ed for about five 
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to six hours at 3S^-C. The conversion is chedced with a GC sample and a 'H-NMR 
sample. The mixture is then cooled to 40«C and adjusted dropwise to a pH of about 1-2 with 
about 25 g of 16 % hydrochloric acid. The colour of the emulsion changes fium yellow to pale 
yellow. THe mixture is then stined for about one hour at eo-C. When the hydrolysis is 
complete, the reaction mixture Is neutralised with a small amount of dflute sodium hydroxide 
solution. The two phases are separated at about 25-C in a separaUng funnel. The oiganio 
phase is concentrated In a vacuum rotary evaporator. There are obtained 77.7 g of oD 100 g 
of diethyl ether are added to the oil. followed by heating and seeding with crystals. A portion 
oystaUises out ovemighL The suspension is cooled to about 0«C and filtered. The crystals 
are washed with 30 g of diethyl ether and dried. There are obtained 15.7 g of white crystals 
which melt at 1 22.0-1 24.5-C. In the ^hWOMR spectnjm, the isomerically pure subsidiary 

component2.hydroxy-HH4-(2-hydroxy-2-methy|.propionyl).phenyl]-1.3.3-trimethyl^ndan-5- 
yl}-2-methyH>ropan-1^e Is fbund. The mother liquor is concentrated and there are obtained 
58 g of yellowish oB which, according to the ^l+NMR specirum. is an isomeric mfadure. 

2.4) Hydrolysis of the rraln component 2-chloro-1^3-[4-(2-chlorD-2-methyl-proplonyl)- 
phenyI]-1.1.3-trimelhyl-indan-S.yl>.2-methyl-propan-1-one from the chlorination 
48.0 g (0.36 mol) of 30 % concentrated NaOH and 48 ml cf deionised water and 48 g of 
methanol are combined in a 500 ml reaction flask. There are then added dropwise at 50»C In 
the couree of about 45 minutes, with thorough sf rring. 66.8 g (0.150 mol) of the recrystallised 
mam component, 2-chioro.1H3^4-(2-chloro-2-methyl-propionyl>^,henyl].1.1.3-trfmethyl- 
lndan-5-yl^2-methyl-propan-1-one. from the preceding chlorination reacUon. dissolved in 
190 g of toluene and 83 g of methanol In the wami state. The internal temperature slowly 
rises to 56«C. The alkaline emuiskHi (about pH 1 1) is then stined at 55^0-C. The conversion 
is checked with a GC sample and a ^H-NMR sample. The duiatton of the hydrolysis is about 
four to five hours. The mixture Is then cooled to 35-C and adjusted dropwise to a pH of about 
1-2 with about 16.4 g of 16 % hydrochloric acid. The colour of the emulsion lightens. The 
mbcture is then stirred for about one hour at 60^. When the hydrolysis is complete, the 
reacOon mixture Is neutralised with a small amount of dOuta sodium hydroxide solution. The 
two phases are separated at about 40'C in a separating iunnel. The organic phase is 

concentrated in a rotary evaporator. There are obtained 65.0 g of colouriess viscous oil • 
whteh Slowly crystallises. The crystals ara recrystallised from 100 g of toluene and dried. 
There are obtained 54.9 g of white crystals, which melt at 117.7-119.0^. This corresponds 
to a tq yield of 90 % of theory (408.54) over the last reaction step. In the 'H-NMR spectrom 
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the isomerically pure main component 2-hydroxy-1 -{3-[4.{2-hydraxy-2-methyl^,roplonyl)- 
phBnyl]-1.1,3-trimethyl-lndan*yl}-2.methyl-propan-1^ne is found. 

Elemental analysis: (408.54) 





%C 




%H 


calculated: 


76.44 


calculated: 


7.90 


found: 


76.26 


found: 


7.88 



A sample of those crystals Is again crystallised from toluene, and the white crystals then melt 
at 117.8-1 19.0X. Concentration of the mother liquor yields a further 6.1 g of colourless 
highly viscous oil. According to the ^H-NMR spectrum, there are about 75 % of the main 
component and about 25 % of the subsidiaiy component therein. 

Elemental analysis: (408.54) 





%C 




%H 


calculated: 


76.44 


calculated: 


7.90 


found: 


76.32 


found: 


7.84 



Examples 

3.1)Friedel-CraftSfBacUon Addition of AICI3 in solid form 

153.6 g (0.65 mol) of 1.1 .3-triInethyl-3^)henylindan (from Schenectady Prattein Swttzerland), 
159.3 g (1.495 mol) of Isobulyric add chloride and 203 g of 1.2-dichlorobenzene are placed ' 
In a 750 mi reaction flask and oooied to S-O'C by means of an ice bath. In the couree of 
about two to three hours. 208.0 g (1.56 moi) of aluminium chloride are then added in small 
portions at an internal temperature of 5-0°C. HCI gas is evolved. Stining is then carrted out 
for about 17 hours at an internal temperature of O-S'C. At the end of that period, ail the 
aluminium chloride has dissolved. The reddish reaction mixture is then poured onto ice and 
water and stirred to complete the reaction. The two phases are separated in a separating 
funnel. The organic phase is washed with water and then concentrated for a short time in a 
vacuum rotary evaporator at about eO'C and about 25 mbar. There are obtained 572 g of 
reddish on, an isomeric mixture having 1-[3-(4-isobutyiyl-phenyl)-1.1,3-trimethyl-indan-5-yl]- 
2-methyl-propan-l-one as the main component and 1 -[1-(4-lsobutyiyl-phenyl).1 .3,3-trimethyl- 
indan-5-yl].2-methyl-propan-1-one as the subsidiary component, dissolved in 1.2-dichloro- 
benzene. Excluding the solvent 1,2-dichIorobenzene. about 60 % of the main component and 
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about 40 % of the subsidiary component are found In the GC and ^H-NIWIR specfrum. Ihe 
isomeric mixture is used In the next reaction without being purified further. 

3.2) End chlorination 

572 g (0.65 mol tq) of the solution of the Isomeric mixture from the Friedei-Crafts reaction 
having 1-[3-{4-isobutyryl-phenyl).1 J.34rimethyl-indan.5.yO-2.methyl-propan-1^ as the 
main component and H1-(4-isobutyry|.phenyl>-1.3,3-trimethyI.|ndan-5-yO-2-methyl-propan. 
1-one as the subsidiary component are placed in a 750 ml reaction flask and heated to 
55-60*>C by means of an oil bath. Then, at 55-60»C. with thorough stirring. 92J2 g (1.30 md) 
of chlorine gas are introduced through a glass frit, relatively quickly at the beginning and just 
slowly at the end. HCI gas is evolved. The duration of tiie introduction is about four to five 
hours. The reaction Is monitored by means of the ^H-NIVIR spectrum. The reaction solution Is 
then heated to about 108<»C in order to remove ttie HCI gas. 150 g of water are Uien added 
and tiie 1,2-dichIorobenzene is removed by steam distillation. About 195 g of 1 »2-dichIoro- 
benzene are recovered. 250 g of toluene are added to tiie hot oP. and the water is tiien 
separated off. The yellow isomeric mixture consisting of 2-chloro-1-{3-[4-(2K:hloro.2-meti^yl- 
prop^onyl)-phenyl^1,1.3-trimeUly|.|ndan-5-yl}-2-methyl-p^opan-1-one as the main component 
and 2-chloro-H1 -[4-(2-chloro-2-metiiyl-proplonyl)-phenyl]-1 ,3,3-trimetiiyi-indan-5-yl^^ 
mett>yI-propan-1-one as tiie subsidiary component is used In Uie next reaction wlUiout being 
purified further. 

3.3) Hydrolysis of tiie isomeric mixture from tiie chlorination, consisting of 2-chIoro-1 -{3>[4-(2- 
chlora.2-metfiyl-propionyl)-phenyl]-1 J,3-trimetiiyWndan-5-yl^2-mettiyl-propan-lK)n as the 
main component and 2-chIoro.1-{1-[4-{2-chloro-2-methyl-proplonyl)-phenyO-1,3.3-trimetiiyl- 
indan-5-yl}-2-mettiyl-propan-1-one as Uie subsidiary component 

208 g (0.156 mol) of 30 % concentrated NaOH and 208 mi of delonlsed water and 206 g of 
methanol are combined In a 1.5 litre reaction flask and heated. There are then added drop- 
wise at 50*»C in the course of about 30 minutes, witii Uiorough stirring, a total of about 650 ml 
(0.65 mol tq) of a solution. In toluene, of tiie Isomeric mixture from ttie preceding chlorination. 
consisting of 2-chIoro-1-{3-[4.(2-chloro-2-metiiyl-prapionyl).phenyO-1.1.3-trimettiyI-lndan-5- 
yl}-2-methyl-propan-1-one as tiie main component and 2K^loro-1-{1-[4-(2-chloro-2-metiiyl- 
propionyl>-phenylH.3.3-trimethyMndan-5-yl}-2-metfiyl-propan-1-one as tiie subsidiary 
component, additionally dfluted witti 103 g of metiianol. The Internal temperature slowly rises 
to 55-60«C. The orange alkaline mixture (about pH 12) is tiien stirred for about three to four 
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hours at 55-60«C. The conversion is chedced with a GC sample and a ^H-NMR sample. The 
mixture is then heated to 70^C and sbmed for a further five hours. The conveision Is again 
checked with a GC sample and a ^H-NMR sample. The mixture Is then cooled to 45<'C and 
slowly adjusted to a pH of about 1-2 with about 152 g of 16 % hydrochloric acid. The 
temperature rises by about 7»C. The colour of the emulsion changes from golden yellow to 
pale yellow. The mixture is then stirred for about one hour at 55^«C. When the hydrolysis is 
complete, the reaction mixture is neutralised with a small amount of dilute sodium hydroxide 
soluUon. The two phases are separated at about 25-C In a separating funnel. The organic 
phase is washed with 200 ml of brine and separated off again. There is no spontaneous 
crystallisation at room temperature. The organic phase is concentrated in a rotary evapora- 
tor. 208.8 g of yellowish oil are obtained and checked with a ^H-NMR sample (Example 3.3a) 

Elemental analysis: (408.54) 





%C 




%H 


calculated: 


76.44 


calculated: 


7.90 


found: 


76.23 


found: 


7.97 



70 g of toluene are added to 140.4 g of ofl, which Is dissolved at SOX and cooled. After 
seeding with crj^tals, crystallisation slowly begins. The suspension Is cooled to S^C. The 
crystals are then filtered off, washed twice with 30 g of cold toluene and dried in vacuo. 
There are obtained 72.4 g of vi^lte crystals, which melt at 97-105'>C. This corresponds to a tq 
yield of crystals of 54.5 % of theory (408.54) over all three reacUon steps. In the ^H-NMR 
spectmm there Is found an isomeric ratio of about 60 % of the main component 2-hydroxy-1- 
{3-l4-(2-hydroxy-2-methyl-proplonyl)-phenyl]-1 . 1 >trimethylHndan-5-yl}.2.meth^ 
one and about 40 % of the subsidiary component 2-hydroxy-1-{1-[4-(2.hydroxy-2-methy|. 
propionyl)-phenyI]-1.3,3-trimethyl-indan-5-yl}.2.methyl-propan-1-one. The filtrate is concen- 
trated, and 57.2 g of viscous yellow oil are obtained. This corresponds to a tq yield of oil of 
43.1 % of theory (408.54) over all three reaction steps. The overall yield of crystals and oil is 
97.6 % of theory (408.54) over all three reaction steps. 



Example 4 

4.1 ) Friedel-Crafls reacUon Addition of AICI3 In solid form 

153.6 g (0.65 mol) of 1.1,3-trimethy|.3-phenyllndan (from Schenectady Prattein Switzeriand), 
159.3 g (1 .495 mol) of isobutyric add chloride and 203 g of 1 ^-dichlorobenzene are placed ' 
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In a 750 ml reaction flask and cooled to S-0»C t>y means of an ice bath. In the coinse of 
about tA/o to three houis. 208.0 g (1 .56 mol) of aluminium chloride are then added in small 
portions at an internal temperature of 5^«C. HQ gas is evolved. Stirring is then carried out 
for about 16 hours at an internal temperature of O^'C. At the end of that period, all the 
aluminium chloride has dissolved. The reddish-yellow reaction mixture is then poured onto 
ice and water and stirred to complete the reaction. The two phases are separated In a 
separating iunnel. The organic phase is vrashed with water and then concentrated for a short 
time in a vacuum rotary evaporator at about 60»C and about 25 mbar. There are obtained 
510.5 g of yellowish on. an isomeric mixture having 1H3-(4-isobutyiyl-phenyl).1.1.3-trimethyl- 
indan-5-yl]-2-methyl-propan-1-oneasthe main component and 1-{1-(4-lsobutyiyl-phenyl). 
1.3,3-trimethyl-lndan-5-yO-2-methyl-propan-1-one as the subsidiary component, dissolved in 
1.2^1icWorobenj»ne. Excluding ttie solvent 1.2^ichlorobenzene. about 60 % of the main 
component and about 40 % of the subsidiaiy component are found in the GC and 'H-NMR 
spectrem. The isomeric mixture is used in the next reaction without being purified further. 

42) Enol chlorination 

510 g {0.65 mol tq) solution of the isomeric mixture fitom the Friedel-Crafls reaction having 1- 
(3-(4-isobuty.yl-phenyl)-1.1.3-trimethyI-indan-5-yl]-2-methyl-propan-1-one as the main 
component and 1-[1-(4-isobutyryl-phenyl)-1.3,3-trimethyl-indan-5-ya-2-methyl-propan-1-one 
as the subsidiaiy component are placed In a 750 ml reaction flask and heated to 60-65''C by 
means of an on bath. Then, at 60^°C. with thorough stinring, 94.3 g (1.33 mol) of chlorine 
gas are introduced through a glass fnt, relatively qutekly at the beginning and Just slowly at 
the end. HCI gas is evolved. The duration of the Introduction is about four to five hours. The 
reacUon is monitored by means of the ^H-NMR spectnim. The colouriess readton sdutton is 
ttien heated to about 100'C in orHer to remove the HCI gas. 100 g of water are then added 
and the 1.2-dichlorobenzene is removed by steam distillaUon. About 195 g of 1,2-dichloro. 
benzene are recovered. 250 g of toluene are added to the hot oil. and the water is then 
separated off. The isomeric mixture consisting of 2-chtoro.1-{3-[4-{2.chloio-2-methyl- 
propionyl)^,henyl]-1,1,3-trimethyl-lndan-5-yl}-2-methy|.propan-1-one as the main component 
and2-chloro-1-{1-I4-<2-chloro-2-methyi-proplonyl)-phenylM.3.3-trimethy|.indan-5-y|}.2- 
methyl-propan-lKjne as the subsMiary component Is used in the next reaction without being 
purified further. 
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4.3) Hydrolysis of the isomeric mixture from the cWorination, consisting of 2-cWoro-1 -{3-14^2- 

chIo^o-2-methy|.propionyf^pheny^-1,1.3-trimethyl^ndan-5.yl^2-methy|.^ 

main component and 2-chlon>.1-{1-[4-(2Hrfi!orx>.2-methyl-propionyl).phenylH.3.3-tri^ 

indan*ylJ-2-methyl^iropan-1-one as the subsidiary component 

208 9 (0.156 md) of 30 % concentrated NaOH and 208 ml of deionised water and 206 g of 
methanol are combined in a 1.5 litre reaction flasic and heated. There are then added drop- 
wise at 50OC in the course of about 30 minutes, with thorough stirring, a total of about 650 ml 
(0.65 mo! tq) of a solution, in toluene, of the isomeric mixture from the preceding chlorination 
consisting of2-chIoro-1-{3.[4-(2^orc):.2.methyl-propionyl)-phen^^ 
ylK2-methyl-propan-1-one as the main component and 2-chIoro-H1-[4-{2-chloro-2-methyl- 
proplonyIH3henyiJ-1,3.3.trimethyWndan-5-yI}-2-methy|.propan-1-one as the subsidiaiy 
component, additionally diluted with 103 g of methanol. The internal temperature slowly rises 
to 55-60<»C. The orange alkaline mbcture (about pH 12) Is then stirred for about six to seven 
hours at 65-70^C. The conversion is checked with a GC sample and a ^H-NMR sample. The 
yellow mixture is then cooled to 30*>C and slowly adjusted to a pH of about 1-2 with about 
89.4 g of 16 % hydrochloric add. The temperature rises by about 7«C. The colour of the 
emulsion changes from yeliow to pale yellow. The mfacture is then stirred for about one hour 
at 55^60^0. When the hydrolysis is complete, the reaction mixture Is neutralised with a small 
amount of dilute sodium hydroxide solution. The two phases are separated at about 35<»C in 
a separating funnel. The organto phase Is washed wiUi 200 ml of brine and separated off 
again. There is no spontaneous crystallisation at room temperature. The organic phase Is 
concentrated in a rotary evaporator. 332 g of yellowish oil arB obtained and checked wfth a 
^H-NMR sample. 

65 g of toluene are added to tiie 332 g of oil. which is dissolved at 40«C and stined. After 
seeding with 0.1 g of crystals, crystallisation slowly begins. On the following day. the slightly 
ydlowish suspension is cooled to 10»C. The crystals are then filtered off, washed twice with 
30 g of cold tduene and dried in vacuo. There are obtained 176.8 g of white crystals, which 
melt at 93-103-C. This con^esponds to a tq yield of crystals of 66.6 % of theory (408.54) over . 
all three reaction steps. The filtrate is concentrated, and 63.4 g of viscous yellowish oil are 
obtained. (Example 4.3 b) This conesponds to a tq yield of oil of 23.9 % of tiieory (408.54) 
over all tiiree readion steps. The overall yield of crystals and oil is 90.5 % of tiieory (408.54) 
over all three reaction steps. 
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The 176.8 g of while crystals are again dissolved at 80*C In 90 g of toluene, cooled and 
seeded at room temperature. Crystallisation slowly Ijegins. After 46 hourtf stirring, the thick 
mass is dOuted with 45 g of toluene and then filtered. The crystals are washed with 120 g of 
toluene and dried in vacuo at about 50'»C. There are olrtained 138.8 g of white crystals, 
which melt at 101.5-107*C. The filtrate is concentrated and 37.6 g of viscous yellowish oH are 
obtained. (Example 4.3 c) In the ^H-NMR spectmm of the crystals and of the oO there is 
found an isomeric ratio of about 60 % of the main component 2-hydroxy-1-{3-[4-(2-hydrDxy- 
2-methyl-propionyl)-phenyl]-1,1.3-trimethyl-indan^-yl}-2-methyl-propan-1-one and about 
40 % of the subsidiary component 2-hydroxy-1-{1.I4-(2.hydroxy.2-methyl-propionyi)-phenyl]- 
1,3,3-trimethyl-indan-5-yf}-2-methyl-propan-1-one. (Example 4-3 d) 
Elemental analysis of the crystals: (408.54) 





%C 




%H 


calculated: 


76.44 


calculated: 


7.90 


found: 


76.42 


found: 


7.96 



Application Examples: 
Example A1 

UV-curable overprint coating 

The 1 -phenyli'ndans according to the Invention were tested for their sultabDify as photo- 
initiatora in a UV-curable overprint coating (OPV) and compared with a commercially 
avaflable product (Esacure KIP 150. Lamberti). The composition of the OPV is shown in the 
table below. 



Component 


%by 
weight 


Ebecrvl 605 


35.0 


Ebecryl 40 


10.0 


OTA 480 


30.0 


TPGDA 


24.0 


Ebecryl 1360 


0.5 


Dow Cominq 57 


0.5 


E 


100.0 
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OTA 480: glycerol piopoxytate triacrylate (UCB) 

TPGDA: tripropyiene glycol dlacrylate (UCB) 

Ebeayl 605: bisphenol A epoxyacrylate. d'lluted with 25 % TPGDA (UCB) 

Ebecryl 40: pentaerythritol ethoxylate tetraacrylate (UCB) 

Ebecryi 1 360: hexafunctlonal silicone acrylate (UCB) 

Dow Coming 57: sDlcone additive, flow improver (Dow Coming) 



0.6 g and 0.8 g of each photoinitiatorwas weighed in per 10 g of formulation. 
The samples were applied by means of a knife to white card in a layer thickness of 6 pm and 
then exposed by means of a UV exposure device (1ST) under two medium-pressure mercury 
lamps each of 120 W/cm. Immediately after the exposure, the resistance of the coating 
surfece to wiping was determined by means of a paper towel. The curing speed Is the 
maximum conveyor belt speed, in m/min, of the exposure device at which the coating surface 
remains resistant to wiping. 

The yellowing of the overprint coatings (b* values) was determined 15 minutes after the 
exposure as well as after an additional UV exposure (TLK 40/05 fluorescent tube) over a 
period of 22 houre. For that purpose, the samples were applied by means of a knife to white- 
coated chipboard in a layer thickness of 100 pm and cured at a conveyor belt speed of 
10 m/min. A CM-508 i spectrophotometer (Minolta) was used for measuring the b* values. 
The results obtained are shown In the following table. 



Photolnitiator 
Example 


Curing speed [m/min] 


Yellowing^ 


6% Initiator 


8% initiator 


b*(0y^ 


b* (22)^ 


Esacure KIP ISO 


30 


60 


6.4 


5.7 


Example 1.4 


30 


60 


5.5 


5.2 


Example 1 .3 


30 


70 


6.0 


4.7 


Example 3.3a 


25 


60 


5,5 


6,9 


Example 4.3b 


25 


50 


6.2 


8.4 


Example 4.3c 


30 


50 


6,1 


8,0 


Example 4.3d 


40 


70 


5.9 


4,9 



1 ) Detemiined for an Initiator concentration of 6 %. ~ 

2) Measured 1 5 minutes after the exposure. 

3) Measured atter 22 hours* additional U V exposure (TiX 40/05 fluorescent tube). 
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In the tested UV-curable overprint coating, the same curing effectiveness is observed for the 
l-phenylindans according to the invention of Examples 1 .3 and 1 .4 as for the commercial 
photoiniUator Esacure KIP 150. With regard to yellowing, the compounds of Examples 1.3 
and 1.4 and 4.3d tend to result in lower values than Esacure KIP 150. 



Example A2: Epoxy acrylate dear coat 
Formulation: 

89.0 % by weight Ebecryl 604 (75 % epoxy acrylate in hexanedld diacrylate, UCB) 
1 0.0 % by weight Sartomer SR 344 (polyethylene glycol 400 diacrylate. Cray Valley) 
1 .0 % by weight Ebecryl 350 (silicone diacrylate, UCB) 

The coatings were applied with a 6 pm (spiral coater No.1 yellow) coater to aluminum sheets. 
They were cured with two 80 W/cm medium pressure mercury lamps at the maximum curing 
speed which is possible to obtain a through-cure and tack-free surface. The results are 
shown in the Table below (curing speed m/min). 

The coatings were applied to chipboard (100 pm) and cured at a belt speed of 10 m/min to 
determine the pendulum hardness, b* value (yellowing) and gloss after an exposure time of 
30 minutes at ambient temperature. The photoiniUator concentration is 2 %. 



Photoinitiator 

2% 


Curina Soeed 
(m/min) 


Pendulum 
hardness (s) 


DE* 

gloss 


yellowing 


ESACURE KIP 
150 


45 


192 


3.3 


3,1 


Example 1.4 


45 


102 


3.1 


2.9 


Example 1 .3 


35 


196 


3.0 


2.8 


Example 3.3 a 


40 


192 


3.0 


2.8 


Example 4.3 b 


35 


192 


3.4 


3.3 


Example 4.3c 


35 


193 


3.4 


3.3 


Example 4.3 d 


50 


189 


3.1 


3.0 



